During'the Run I1 era at Fermilab, the Recycler stores antiprotons at 8 GeV and the Main Injector accelerates the antiprotons and the protons from 8 GeV to 150 GeV for Tevatron injection. The Recycler injects antiprotons to the Main Injector in 2.5 MH2 rf buckets. This report presents an acceleration scheme for the antiprotons that involves a slow ramp with initial 2.5 MHz acceleration and subsequent fast acceleration with 53 MHz rf system. Beam acceleration and rf manipulation with space charge and beam loading effects are simulated using the longitudinal simulation code ESME [I]. Simulation suggests that one can expect about 15% emittance growth for the entire acceleration cycle with beam loadmg compensations. Preliminary experimental results with proton heam will also be presented.
INTRODUCTION
In Run 11, four antiproton bunches from the Recycler will he accelerated in the Main Injector from 8 GeV to 150 GeV. Antiproton transfer from the Recycler to the Main Injector is envisioned as 2.5 MHz bucket to bucket transfer to eliminate injection mismatch. An acceleration scheme with a slow ramp (2.5 MHz acceleration) followed by a fast ramp 
SIMULATIONS
The Main Injector accepts antiproton hunches from the Recycler with the following initial heam and rf parameters:
. Total h e m energy: 8.938 GeV Rf frequency: 2.5 MHz Rf voltage: 2 kV Invariant 95% longitudinal emittance per bunch: 1.5
Number of particles per bunch 6x IO'O.
eVs
The maximum accelerating rf voltages are 60 kV for the 2.5 MHz system and 4 MV for the 53 MH2 system
The ramp curve is shown in Fig. I . The minimum ramp time is determined primarily by the maximum available 2.5 MHz rf voltage and the heating of the femte loaded 2.5 MHz cavities. The parabolic ramp begins at 0.5 second (8 GeV) and stops at 6.2 second (27 GeV front porch) where 0-7803-7738-9/03/$17.00 8 2003 IEEE I169
-.
-1,-,>=, the first 0.5 second, the bunches are adiabatically shrunk by increasing the rf voltage to 60 kV. Because of the lack of phase focusing at transition. the rf voltage is lowered hefore transition to reduce the energy spread. This maneuver eases the problem of emittance dilution due to transition crossing. The tms emittance dilution for crossing transition is about 3%. At the 27 GeV front porch, the rf voltage drops to 3 kV (or 4 kV) and the bunches are rotated to minimum height with a second harmonic l i n e~z i n g voltage. Then the h=28 and h=56 voltages are jumped to 60 kV and IO kV respectively for a quarter period rotation to minimum width. The hunches are captured with the h=588 buckets of 700 kV voltage.
The acceleration and rf manipulation are first simulated without space charge and beam loading for a single hunch.
Some pictures of the time evolution of the phase space distribution are shown in Fig. 4 . The overall 95% emittance and Zll/n = 1.6, the emittance growth is less than 5 % and particle loss is less than 1%. cle is ahout 1.9 kV. Beam loading problem is most severe at the hegmning of the rotation at 27 GeV where the beam loading voltage is 1.4 kV and the cavity voltage is 3 to 4 kV. The bunches are shifted from their bucket centers by ahout 45 to 50 degrees. large emittance growth (over a factor of 2) and significant particle loss are observed after the 53 MHz capture. In conclusion, beam loading compensation is needed for the 2.5 MHz acceleration scheme.
EXPERIMENTAL TEST OF 2.5 MHZ ACCELERATION IN MI
Preliminary test of the 2.5 MHz acceleration scheme is conducted using proton heam from the Fermilab Booster. As a fint experiment, the Booster beam is used to produce 2.5 MHz bunches in the Main Injector and the bunches are accelerated from 8 GeV to 27 GeV. Since the 2.5 MHz radial and phase control systems are currently under development, the experiment is carried out with open loop conditions-no active radial feedback and phase feedforward controls. into the Main Injector in succession and then are adiabatically debunched into four 2.5 MHz buckets. Once the beams are captured in 2.5 MHz buckets, the 2.5 MHz voltage is adiabatically raised to accelerate the heam. In the meantime. the 53 MHz voltage is paraphrased below 10 kV to minimize the 53 MHz component of the beam. There is 100% transmission up to transition (around 5.2 second). After transition, ahout I 2 6 of the beam is lost. Since transition crossing is performed manually by moving (realigning) the 2.5 MHz buckets, transition loss is expected. In normal operation, transition phase jump will be controlled by the LLRF phase control system. Figure 8 shows a sample of mountain range data for the early part of the cycle. The bunches exhibit oscillations and beam loss whch are presumably due to the lack of radial and phase controls. These effects can also be due to the fact that the beam loading compensation systems are not yet effectively applied during the acceleration.
